A thermophilic fungus, K11014, newly derived from a compost was selected on the basis of protease productivity as the only one of 81 isolates to produce high levels of acid protease. The fungus was named Penicillium duponti K1014 based on taxonomical studies. It grew in the temperature range of 28 to 58 C, and the optimum was 45 to 50 C. These temperature characteristics showed that the fungus was the most strongly thermophilic of all the fungi next to Humicola lanuginosa. When P. duponti K1014 was grown on moistened wheat bran, maximal accumulation of acid protease occurred after 2 days at 45 to 50 C. The addition of ammonium salts, but not nitrate, was effective for the production of the acid protease. The acid protease of P. duponti K1014 was stable at 60 C for 1 hr and retained more than 65% of original activity after the treatment for 1 hr at 70 C at pH 4.7. This thermal property was different from those of the ordinary acid proteases, indicating that the enzyme is a thermostable protein.
A number of thermophilic fungi have been isolated by various investigators (4, 6, 9, 14, 15, 18) from self-heating materials and other sources. It has been assumed that thermophilic fungi, as well as other thermophilic microorganisms, play an important role in decomposing plant materials and other organic matter at elevated temperature that usually resulted from microbial thermogenesis (4) . Enzymes responsible for the decomposition of plant materials, i.e., cellulase (2, 7, 10 (19) , lipase (1) , and protease (3; S. Hayashida and G. Hongo, Abstr. Papers Annu. Meet. Agr. Chem. Soc. Japan, p. 204, 1968; P. S. Ong and G. M. Gaucher, Abstr. Papers 4th Intern. Ferm. Symp. Japan, p. 47, 1972) were found to be secreted by the thermophilic fungi.
A thermophilic fungus, Zygodesmus sp., produced a thermostable neutral protease (S. Hayashida and G. Hongo, Abstr. Papers Annu. Meet. Agr. Chem. Soc. Japan, p. 204, 1968).
Ong and Gaucher found that the alkaline protease produced by a thermophilic fungus, Malbranchae pulchella var. sulphurea, was also thermostable and that its stability was stimulated by the addition of calcium ion (P. S. Ong and G. M. Gaucher, Abstr. Papers 4th Intern. Ferm. Symp. Japan, p. 47, 1972). Thermostable neutral and alkaline proteases of thermophilic bacteria (8, 17) and actinomycetes (5, 16) (Table 2 ). In order of the amount of acid or neutral protease which was secreted in culture medium, three strains were selected from 81 isolates, respectively.
The six strains selected were compared with type cultures of thermophilic or thermotolerant fungi capable of growing at 50 C in protease productivity (Table 3) . Table 3 shows that only the fungus K1014 produced more than 100 units of acid protease; however, the three fungi K1012, K1021, and M. albomyces ATCC 16460 produced more than 100 units of neutral protease. It was also found that the fungus K1014 was the most prominent strain.
Identification of the newly isolated fungus K1014: cultural and physiological characteristics. The fungus K1014 was isolated at 45 C from the compost in Tochigi-Prefecture, Japan in 1968. This fungus could not grow at temperatures below 27 C, growth ceased at about 58 C, and optimum for growth was found between 45 and 50 C (Fig. 1) This fungus exhibits amylolytic, proteolytic, cellulolytic, and hemicellulolytic properties and assimilates vegetable oils such as rape oil, soybean oil, and rice oil.
Morphological characteristics. The present fungus has penicilli varying from monoverticillata to biverticillata. Conidiophores arise almost perpendicularly from the main hyphae, 30 to 60 gm in length by 2 to 4 ,tm diameter (Fig. 2) . Conidia in long, tangled chains from the lanceolate sterigmata (2 to 3 jm by 5 to 11 ,um) are elliptical to oval, smooth, 1.5 to 2.0 ,um by 3.0 to 4.0 gm (Fig. 3) .
Perithecia are not observed on Sake-koji extract agar (Ballg 10, pH 6.0) but are produced on Czapek-Dox agar on which it grows less rapidly and very thinly. Asci consisting of eight ascospores are recognized. The ascospores are nearly spherical (2.5 to 3.0 um by 2.0 to 3.5 ,m).
These characteristics were compared with those of the thermophilic fungi described by Cooney and Emerson (4, 20) , and it was found that the present fungus resembled Penicillium duponti (Griffon and Maublanc) Emerson. Therefore, the present fungus has been named as Penicillium duponti K1014. Production of acid protease by P. Figure 4 shows the effect of cultivation temperature on pro-, 150 tease production. When the thermophilic fun-/ gus was grown on moistened wheat bran, maxi--mal protease production occurred after approximately 5 days at 37 C and 3 to 4 days at 40 C. @ 100 However, at 45 to 50 C, which was the optimal / temperature range for growth, maximal accumulation of protease occurred after approximately 2 days and diminished during further C 50 incubation.
Effect of nitrogen compounds on acid X protease production. The effect of concentra-0 X , .
tion of nitrogen compounds in wheat bran 1 2 3 4 5 culture medium on protease production is Cultivation time (day ) shown in Table 4 . The amount of acid protease  FIG. 4 . Effect of cultivation temperature on prowas increased by addition of ammonium salt, tease production by a thermophilic fungus, P. duexcept for ammonium sulfate, but decreased by ponti K1014 grown on moistened wheat bran. Symaddition of nitrate. Organic nitrogen corm-bols: A, 37 C; A, 40 C; 0, 45 C; 0, 50 C. culture medium. It was also found that wheat, as compared with wheat bran, was suitable for the production of acid protease.
Comparison of thermal stabilities of acid proteases. Table 5 shows the thermal stabilities of the acid proteases from P. duponti K1014 as compared with commercially available acid proteases. The acid protease from P. duponti K1014 was stable at 50 and 60 C for 1 hr. However, the other enzymes, except for the acid proteases from Trametes sanguinea and Mucor pusillus, began to lose activity at 50 C and were rapidly inactivated at 60 C. The acid proteases from T. sanguinea and M. pusillus retained more than 50% of original activity for 1 hr at 60 C. After the heat treatment for 1 hr at 70 C at pH 4.9, the present acid protease retained about 45% of original activity, and at pH 4.7 more than 65% of its activity remained. However, all of the other proteases tested were almost completely inactivated after 1 hr at 70 C.
The present acid protease seems to show the marked thermal stability characteristic of proteins from thermophilic organisms although the results presented above were obtained with a crude enzyme preparation.
Some of the other enzymes responsible for the decomposition of plant materials-amylases, cellulases, hemicellulases, and ribonuclease-were also found in the enzyme preparation from P. duponti K 1014 used in these studies. much acid protease as the latter). Furthermore, the strain ATCC 16461 seemed to produce more neutral protease than acid protease (Table 3) .
It was found that the protease production by P. duponti K1014 was increased by about 50% by adding an adequate amount of ammonium salt on wheat bran culture medium, but decreased by the addition of nitrate. Ichishima and Yoshida (13) reported that the effect of inorganic nitrogen compounds on the acid protease production was closely related to the position of the strain in the classification of Aspergilli.
Maximal production of the acid protease by P. duponti K1014 occurred after short cultivation time at 45 to 50 C which was the optimal temperature range of growth. P. duponti K1014, as well as other thermophilic organisms, may be useful for industrial enzyme production because of the rapid growth rate and reduction in contamination that results from the elevated growth temperature.
The acid protease from P. duponti K1014
was thp most thermostable of the acid proteases tested (Table 5) . Some papers (21) (22) (23) have been published on the acid proteases from Penicillia, but a thermostable one like the present enzyme has not been reported yet. The acid protease was a thermostable enzyme according to the criterion of thermostable proteins from thermophilic organisms as defined by Howard and Becker (12) , since it lost less than 10% activity after treatment at 60 C for 1 hr. We have already found that the purified acid protease of P. duponti K1014 which was homogeneous on ultracentrifugation and disc gel electrophoresis had a pH optimum of 2.5, and it showed the marked thermal stability characteristic of proteins from thermophilic organisms as well as a crude preparation (H. Hashimoto et al., Abstracts of Papers, P. 131, Ann. Meeting of Agr. Chem. Soc. Japan, Fukuoka, April 1, 1970) .
Details of the identification of the enzyme by the nature of the reaction catalyzed and some other properties including the effect of chelating agents, inorganic ions and inhibitors will be presented in a subsequent manuscript.
